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I. Background information  
Nigeria is Africa’s largest producer of rice. In 2019, Nigeria produced 8.435.000 tons of rice (FAO, 2020), over 
90% of which is grown by smallholder farmers on averagely less than two hectares of farmland (Kok & Snel, 
2019; Ricepedia, 2012). From 2015 to 2019 the yield per hectare has decreased from 2,0 tons per hectare to 1,6 
tons per hectare. Losses in rice producing in developing countries occur predominantly before the farmgate 
(Affognon et al., 2015; Food and Agriculture Organization of the United Nations (FAO), 2018). Reducing these 
losses is essential to improve food security, farmer livelihoods, and to reduce resource losses and associated 
greenhouse gas emissions – losses in the rice chain account for some 10% of global food loss and waste-induced 
Greenhouse Gas emissions (Guo et al., 2020). Frequently, mechanization is mentioned as a potentially loss-
reducing intervention, but has so far not taken hold to any great extent in Sub-Saharan Africa (Sims & Kienzle, 
2016). However, there is insufficient proof so far regarding the effectiveness, economic and environmental 
sustainability, and socioeconomic acceptability of mechanization on Sub-Saharan African smallholder farms 
(Daum & Birner, 2020). 
 
II. Setup of this study 
Wageningen University and Research (WUR), in cooperation with Olam Rice Nigeria, conducted a controlled 
experiment in Nasarawa State (North Central Nigeria) in which mechanized rice harvesting and threshing were 
introduced on smallholder farms, part of Olam’s Rice Outgrowers Initiative. Local youth was trained by Olam to 
work with the machinery, and the yield from mechanically harvested and threshed sample plots of rice was 
compared with the yield from sample plots harvested and threshed manually. We use these experimental findings 
to evaluate the yields and losses under different technologies, calculate greenhouse gas emissions for these 
scenarios, and evaluate the economic feasibility of various options for mechanization of smallholder farms. Last, 
we reflect on socioeconomic impacts of mechanization (division of labor, role of women and youth) as observed 
by the field experts conducting the experiment, based on a food system perspective. 
 
III. Policy advice based on this study   
Based on the work done by WUR, in cooperation with Olam International Nigeria, the following policy advice can 
be given to the Nigerian government, the industry, and supporting agencies: 
1. Mechanization should be part of agricultural development strategies for reducing losses, improving food 
security and improving farmers’ incomes. In the context of these strategies, mechanization should be 
approached from a broader value chain perspective, with early involvement from all relevant stakeholders.  
2. Supporting policy should focus on increasing awareness of the benefits of mechanization of smallholder 
farms, focusing on reduced losses, increased yield, the positive business case for farmers, and food loss-
induced greenhouse gas emissions avoided. Demonstrations and education on efficient practices and 
technology should be a part of this towards farmers. 
3. Improving access to mechanized systems is essential. Reapers and threshers have a relatively high up-front 
cost, but access schemes through for example farmer cooperatives and rental service providers allow farmers 
to reap a nearly immediate benefit at a relatively low cost. Policy should support these activities, if necessary, 
with subsidies, and enable the development of a market for affordable credit provision. 
4. In parallel to facilitating and stimulating adoption of mechanized rice farming, policy should contribute to 
building and dissemination of technical know-how and capabilities. This includes training of farmers and 
operators on effective machine use, as well as development of technical skills in rural communities. 
5. As a labor-saving intervention, mechanization can have the undesired side-effect of increasing 
unemployment. To mitigate this effect and possible resulting backlash, there need to be opportunities to use 
the time saved. This includes education for children and youth, and opportunities for other economic activities 
for adults. Therefore, mechanization strategies should go hand in hand with a more general rural 
development strategy, aiming for diversification of rural economies. 
6. Policy in this domain should take a value chain approach, involving all stakeholders in the chain, and leverage 
and cooperate with existing initiatives for improved practices in rice farming, such as Olam’s Rice Outgrowers 
Initiative.  
7. Accelerated mechanization of smallholder rice farms increases demand for machinery and increases farmer 
income. The private sector, governments, and supporting agencies should respond to these opportunities, 
with policy enabling the development of equipment supply chains. This can extend beyond machinery and 
complementary services to for example other agricultural inputs which farmers can now more easily afford.   
 
IV. Main findings from this study 
The loss of paddy on the field during harvesting was lower for mechanical harvesting (0.93%) than for manual 
harvesting (9.6%). The threshing result (the paddy yield after mechanical threshing) was slightly greater for the 
samples that were harvested mechanically. The estimated threshing losses decrease from approximately 7% to 
1% when switching from manual to mechanical threshing. 
 
Extrapolating the loss reductions per hectare allows us to estimate the potential loss reduction and loss reduction 
economic savings (taking the farmgate price for rice at the time of the experiment: 169 Naira per kg) at different 
scales: for the average smallholder rice farm, and all rice farmers in Nigeria. Already at the scale of smallholder 
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Results per harvest of switching to mechanized harvesting and/or threshing. 































Per ha 299 kg 50,531/126 180 kg 30,420/76 479 kg 80,555/202 
Per farmer Olam 575 kg 97,175/243 346 kg 24,674/146 921 kg 155,650/389 
Olam farmers 
Nigeria (32,800) 
18.8 kton 3.2 
bln/7,961K 
11.4 kton 1.9 
bln/4,798K 
30.2 kton 5.1 
bln/12,760K 
All rice farmers 
Nigeria (1.43 
million/2.24 ha) 
958 kton 162 
bln/405M 
577 kton 97 
bln/244M 
1,535 kton 259 bln/648M 
*400 Naira ~ 1 US $ 
* *of Paddy, directly after harvest, before drying 
 
To calculate a comprehensive business case for farmers, we draw on assumptions about costs and labor 
requirements provided by the field experts conducting the experiment. The revenue from the yield increases due 
to mechanization by far outweighs the (relatively limited) additional costs incurred for using machinery – in this 
case assuming the farmer rents the equipment. This shows that mechanization considerably reduces losses and 
has a positive impact on farmers’ income by the following amounts under the used business case assumptions. 
 
 Baseline  Scenario 2 Scenario 3 
Harvesting Manual Manual Mechanized 
Threshing Manual Mechanized Mechanized 
Average yield (kg paddy per ha) 2,768 2,967 3,257 
Revenue (N per ha) 470,823 501,423 550,433 
Harvesting costs (N per ha) 20,000 20,000 20,246 
Threshing costs (N per ha) 10,000 13,161 13,536 
Revenue increase (N per ha)  30,589 79,599 
Cost increase (N per ha)  3,161 3,782 
Financial result (N per ha)  + 27,428 + 75,871 
Financial result (%)  + 5,8 % + 16,1 % 




Avoiding food losses reduces greenhouse gas emissions. Through preventing 479kg loss per hectare, 1.7 ton 
CO2-eq. production-related GHGe’s can be avoided (Scenario 3). This already accounts for fuel use of the reaper 
and thresher, making a strong case for farm mechanization as a climate positive intervention. 
 
Impact GHGe’s reduction 
 Scenario 1 
 (mechanized harvest, 
manual threshing) 
GHGe’s reduction  
Scenario 2 (manual 
harvest, mechanized 
threshing) 
GHGe’s reduction  
Scenario 3 (mechanized 
harvesting, mechanized 
threshing) 
Per ha 1,042 kg 716 kg 1,696 kg 
Per Olam farmer 2,000 kg 1,374 kg 3,256 kg 
Rice sector Nigeria  3.3 Mton 2.3 Mton 5.4 Mton 
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